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(57) Abstract 

A device for occluding a vessel employs one of a number of different expansion members joined to one or more elongate members. 
The expansion member may include a braid, one or more coils, ribs, a ribbon-like structure, a slotted tube, or a filter-like mesh. If the 
expansion member is enclosed by a suitable membrane, the device leals with the vessel wall to partially or completely occlude the vessel. A 
perforated membrane may be used to permit the perfusion of blood. The expansion member may be serf-expanding, or it may be expanded 
by engaging it with one of the elongate memoers. Alternatively, the expansion member may be expanded by heating It 
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OCCIUSIM OF A VESSEL 
Backoroand o f thg hggmron 

FwW of thn Invgntian 

Th. prmm mveouon relates OtMnflr to the occasion of whh« . pet**, and mere specifically, 

to an apparatus sod method of partiaSy or completely occluding a vessel 
BgaaiM «f the Rebfn Art 

Attempts horetofom hove boon mode to troot Ottomans n the carotid artorios bating to the bran. 
However, such arteries have boon very difficult to treat because of the possl*ty of dbiodgng pbque which can 
enter various en.ri.1 vassals of the brain and cause permanent brain damage. Attempts to treat such occasions 
with baboo angioplasty have been very limed beceua. of such dangers. In surgical treatments, such as 
sndsrtereetomy. the carotid artery is slit and plaque b removed from the vessel in the slit area. Such surgical 
procedures have substantial risk assecated with them which can teed to morbidity and mortality. 

In other procedures, such es in enpioplasty end in the treatment of peripheral arteries end veins, there b 
the possibility that the guide wees end cethoters used in such procedures during depbymont of the seme may ceose 
dbfedgonent of debris or emboli which can flow downstream and cause serious damage, such as stroke, if they 
oeckjde Mood flow in smaler vessels. Thus, in summary, embolization and migration of mJcro^mboi downstream 
to en end organ is a major concern of cardiologists during catheterizations. 

There is therefore need for new end improved apparatus and methods which make it possible to treat 
occfcjded vessels without endangering the patient. 

Summary of the Invention 

The present inr ention satisfies the need for a deves that occludes e vessel, in particular, e vessel at a 
patient unda.-g.ng therapeutic or other medical treatment. Any one of a number of different espansion members 
em pined to one or more elongate members such es hypotubes to form e device that completely or partially occludes 
e vessel within a patient. The eaponsion member may be setf-espembng, h may be eipanded by engaging it with 
or. of the elongate members, or it may ba heated to cause it to eipand. A membrane preferably surrounds the 
aspansion mutter so that a seel is made between the membrane and the vassal The perfusion of blood b .(lowed 
if the membrane b perforated. Partial octbsion may ba obtained without e membrane H . auhobto expansion 
member b chosen. In general, in one aspect ol the present mention there b provided en apparatus and method 
that can be used with approved diagnostic end thempeutc devices to reduce the chance of emboli migrating 
downstream Alternatively, the expansion member mar anchor an intravascular device within a vassal 

One embodiment of the present invention is a device tor octbding a vascular segment, n which the device 
incbdes an expansion member and first and second elongate members. The fast ebngete member engages the 
expansion member, end the second elongate member surrounds the first elongate member, with the expansion member 
expending to occlude the vascular segment when one of the elongate members b moved bnghudinolly. The 
expansion member preferably incudes a braid, a col. a ribbon-Ike structure, a stoned tube, a pajratity of ribs or a 



W ° 99,42059 . 2 . PCI7US99/03S44 

fttftt, me*. The d«ric. may ah. incW. M ,ha, adjoins the axpanxbn member for cr^trg , p„*„ or 
toui seal with the vascular sepmem. 

In on. particular .mbcd™*. ,ha up,** „«*,„, « w ,„ unfttpind , d mte ^ h js „ y 

th. mono alongat. member, but expand, when the fir,, long,,, member b pu,hed through the second elongate 

member. In another embodiment, both tin iht >nri «. rn ~< . 

00,0 ™ ,r,t a ™ Mcond • l °n»»e members em secured to the expansion member. 

and the expansion member expands as th. first .iongate member is retracted. 

Another embod.™, of th. immntion is a method of ecduding a segment within a veael which includes 
th. stap of inserting «,« ocmd e.,ng.t. members int. th. msrt ,. b. occluded (in which th. firs, elongate 
member ad^n, an axperaion member), f ...wed * tne „ ep 0 , nryinp ^ ^ „, m ^ m of ^ ^ 

nwmhers so that the expansion membar expands until the mart is comply or partially occluded In one 
•mbodimam. the varying step incWu rwracting on. of th. * mtt tnd jn MDther 

varymg step comprises pushing one of the Ungate member, through the other etongat. men**. Inymanott*, 
method of occlude* . segment within a vessel an expansion member is hserted write, th. vessel and th. .sponsion 
member ,s heated to causa n to „p.„d ^ the fEJSel a M to|t ^ Mi ^ fc ^ 

may ewotve. for example, P»«m 9 .bctrical current through it or pass* werm solution ovr or neer it. 

Brief Description nf the Brawjngs 
FIG. 1 b , sidMdevational view h section .f on. ambodamm of . catheter e PP .r.ius incorporating the 
present invention for treatng ocduried vessels. 

FIG. 2 is a side-elevational viaw in section simier to FIG. 1 but showeig the apparatus in FIG. 1 with the 
expansion member (in this case, e sail-expendable seal) deployed. 

FIG. 3 is . sid M |.„tional view in section of another embodiment of a catheter apparatus ineorpor.ting 
the present invention for treeting ocduded vessels. 

FIG. 4 b a v»w similar to FIG. 3 bu, showing the expansion number On ,hb case, a sen-expandable seal) 

deployed. 

FIG. 5 is a schematic, longrtudrol croa sectional viaw of an embodinwnt in which a membrane only 
partially surrounds a braid used as the txpansion member. 

FIGS. 6A and 6B show end views of unperformed and perforated membranes, respective 

FIG. 7 is a schematic, longitudinal cross sectional view of en embodiment in which a braid without a 
membrane is used. 

FIG. 8 i, , schematic, longnudinal cross sectional view el an embodenent in which a Nter-ike mesh is used 
as the expansion member. 

FIG. 9 b a schematic, longitudinal croa sectional view of an embodiment h which . slotted tube b used 
as the expansion member. 

FIG. 10 b a perspective view of the slotted tube used in the embodiment of FIG. 9. 
FIG. 11b, schematic, longitudinal cms sectional view of an embodiment in which e coil is used as the 
expansion member, and the prerenal .„„ „f a nwnor.n. surrounding the coi adjoins the coil 
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FIG. 12 is a schematic, longitudinal cross wctkmal vbw of an emoodonent n which a coi is used as the 
expansbn member, and the proximal and .1 , menOrene surrounding the coi adjobs a sheath that surround, both 
fast end second elongate members. 

FIG. 12A is en embodiment similar to that shown in FIG. 12. h which resistive heeling b used to espand 
the expansbn member, with current bong conducted through wires being attached to either side of the expansion 
member. The expansion member as shown is partialy deployed. 

FIG. 12B is an embodiment simier to that shown ai FIG. 12A. in which resistive heating is used to expend 
ma expansion member, with current being conducted through a wee being attached to the distal end of the expansion 
member end through e coeting on the first elongate member. The expansion member as shown is partialy deployed. 

FIG. 13 is e schematic, side cross sectional view of an embodiment in which e piuroity of ribbons are used 
as the eipansbn member. 

FIG. 13A is en embodiment similar to that shown in FIG. 13. n which e warm solution passes between 
the first end second elongate members to transfer heat to the expension member, causing n to expand. The 
expansion member as shown is partially deployed. 

FIG. 13B is an embedment similar to that shown in FIG. 13A. in which a warm solution passes through 
the first elongate member to transfer heat to the expansbn member, causing it to expand. The expansbn member 
as shown is partially deployed. 

FIG. 13C is en embodiment senlar to that shown m FIGS. 13A end 13B. in which e warm sokttion passes 
through one or more lumens in the first elongate member to transfer hoot to the expansion member, causing rt to 
expand. The expansion member as shown is partially deployed. 

FIG. 14 is a schematic, side cross sectional new of an embodiment in which a plurality of rfcs are used 
as the expansbn member. 

FIG. 15 is an isemetnc view ol an embodiment of the bventien in wfach e pull wee is used to deploy a 
plurality of nonsetf-expandino ribbons surrounded by a membrene. 

FIG. IS is a side penal sectional vbw of the embodiment of FIG. 15 m which the ribbons are in their 
relaxed, vndepbyed position. 

FIG. 17 n a side etovatonel vbw of the embodiment of FIG. 15 b which the ribbons are deployed, and the 
membrann makes a seal with the vessel. 

FIGS. ISA and IBB show longitudinal and end perspective raws, respectively, of a loefchg mechanism used 
with a wire that deploys an expansbn member. 

FIG. 19 is a perspective vbw of an oh amative locking mechanism used with a wire that deploys an 
expansbn member. 

FIGS. 20A. 20B. 20C. and 20D show, respectively, a braid, a fitter ike mesh, e stotted tube, end e plurality 
of coax, which can be used as alternative expansion members b place of the ribbons in the embodiment of FIG. 15. 
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Dflojod DccrmiBn nt the PjrefcjTed Fmbodimom, 
The expansion menter, doom* tar*, include braid* cob. rte ribbon*, structure,, aletted tube,, and 
fitertik. mutaa. The* up*»»n men.br, nay b. part** ^ er cor*** urrounded by . membrane or 
otter covering to pro*, occteion or sealing of tta vosmL As used tar*, '.coW or -saahng-. tta Ike 
mean p«tM or complete blockage of fluid flow in , vescu* ,egn«n,. as r, is som«imes preferable to allow 
perfusion. Mo«over. such eipansioo members may be deployed by variaus mechanical means, etactheal means or 
ttannomecnanicalmMW. etc. ,. descried herein. Exp™™ memtar, that are deployed mechanically m pr.f„abfy 
•spring-Ike- in nature, la. they are preferably resilient to facilitate their deployment or retractieo. 
Catheter Apparatuses anrj Seff-Eirandino graidj 

One embodiment of a catheter apparatus incorporate the prasem invention for treeting occluded vessels 
is shown in figure, 1 and 2. As shown therein, tta e.theter apparatus 651 consist, of a flexible elongate member 
652 whrch is provided with prerenal and distal amenities 653 and 654. A conventional adapter 656 is mounted 
on the proximal extremity end is provided with . Touhy-Borst fitting 657 which is ei communeation with a Urge 
central lumen 656 extending from tta proxim.1 extremity 653 to the distal extremity 654. An espiretion fitting 661 
is provided on tta adapter 656 „ well ., ,„ irrigation fitting 662. both of which era in corwnunication with the 
earrtral hrmen 658. However, it should be appreciated that if desired, separate lumens can be provided in the flexible 
elongate member 652 for both of the fittings 661 and 662. 

Salf-expanding sealing mechanism 666 is mounted on tta distal extremity 654. Thb~seH-expandinp seafng 
mrchanian 666 can take any suitable form. For exemple. es shown it can consist of a braided structure 667 f aimed 
ot a surtabte shape mamary materiel such „ , nickel tit.nksn Hoy that *3 attempt to expand to a predetwmmed 
shape mumory. Other then shape memory materials, other materials such a: stainless steel. Elgitoy'". titanium or 
other materials can be utibed in tta braid 667 as long as they have the capability of expands, when the self- 
expands seal mechanism « released. Also it should be appreciated that the serf-expandrng seal mectanism 666 
can be comprised of an absorbent material which when h absarbs sain, or blood expands to form a seal Such 
seals can be readily accomplished because rt h only necessary to form a seal of approximately 1J5 psi to prevent 
small particles from moving downstream. 

In order to prevent ebrasron oi e vessel, it b desirable to cover the braided structure 667 with e covering 
666 of a surtabte material such as a polymer or a biocompattte coating which extends over the braided structure 
887 and which move, with the braided structure 667 as rt expand, end contracts. The polymer can be of a suitable 
material such „ sicone. Cllex. pofyethylan, or PET which would form a good s.alinp engagement with the watt 
of the anery. Tta covering 668 may be perforated to allow perfusion. 

A mechanan n provided for compressing the self-expanding seeing mechanism 666 so that tta apparatus 
con b. m ,wt.d into the v«,el 481 and consists .1 an elongate aim. 771 have* proxim- end distal oxtrenetws 
772 and 773 end e bore 774 extending from the proximal extremity 772 to tta distal extremity 773. A cotter 776 
is mounted on the proximal extremity 772 of tta sleeve 771 and n petitioned neer the adapter 656. The collar 776 
s«vas as a mechanic lor retracting ^. v . „ , hown m 2 ,„ mcov , r „„„,„ 
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meehanam 666 etui the catheter he, been depbyed to pmnet the aettaepeding „,.„„ mechamm 666 to expand 
end form • sea* with the arterial vessel adjacent the stenosis to be treated. 

Another embodiment of a catheter mvna for Wwjn8 occJuded veueb ^o^, the prMim 
emntion « shown m Figures 3 and 4. As shown there*, the apparatus 781 consots of a guiditg eatheter 782 
hm ' fl ^ ^ ,XtrHTrtB » •* 784- As show., the distal extremity 784 is pro** with , pre- 
formed band of . con«n,ionel type. A conventional .tt.chmw,i 786 is mounted on th. prosit* .ninety 783 
Self -expand.* , M | mecharusm 791 is mounted on the distal extrrmy 784 and b of the type hereof ore deserted 
m connect™ with the embodiments shown in Figures I and 2. A sleeve 796 sifter to the stem 771 of the 
previous embodiment is provide it th. present embodiment fo, encasing the self-eapanding seal mechanic 791 and 
for reteesno the same after it has been disposed in en appropriate position within a vessel .djecent the occlusion 
to be treated. Thus. , sleeve 796 is provided having prosimal and distal extremities 797 and 798 and having , bore 
799 esnnding from th. prosimai extremity to the distal extremity which is sited so that it can receive the guide 
catheter 782. It is provided with a collar 801 on its proximal estremh, which i, adapted to be disposed outside 
the patient and which is adapted to be grasped by the physician for puftrg the sleeve 796 ptosimally to uncover 
the expanding seal 791 after th. apparatus has bean deployed to pemvt the sell-expension of the seafing 
meehanism 791 to form a seal with the vessel wall as shown h Figure 4. 

In accordance with th. hereinbefore described descriptions, it is apparent that the apparatus can be readily 
deployed and serve the same function as th. main catheter. To accomplish this, the essembiy 781 can be introduce 
into the femoral ertery end the distal extremity edvanced into the desert location n the erteri.1 veswL After it 
has been proparly p.smaned, th. physician can retract the sleeve 796 to pern* the Spending seel mechanic 
791 to expand and to form . seal with th. wall of th. arterial vessel to occk.de the arterial vessel and tnerrupt 
the How of blood in the vessel to provide . working space distal of the occasion formed. This prevent* smal 
particles which may thereafter b. dislodged from moving downstream. Since . central lumen is available, the 
therspeut* p,ocedu,es heretofore described can be employed with the catheter epperatus shown i„ Figures 1 2 
3 end 4. 

Although the self-expanding sealing mechanism 666 (791) can be deployed by retracting the sleeve 771 
1798) as previously described, th. waling mechanism can also be deployed by pushing the ftexbl. elongate member 
652 (guiding catheter 7821 through the ,...„ that the seal* mechanism can expand. This may be the preferred 
way of d.ploy,ng the sealing macharwm 668 (791). if mere is ittl. clearance betw«n the apparatus 651 (781> ami 
the vessel within which the .pp.r.tus resides, to reduce the risk of damaging the patient's vessel. As discussed 
below in connection with subsequent figures, the s..ing mechanism 666 (7911 may alternatively comprise members 
such ., . col . ribbon-like structure. , slotted tub., or . filter*, mnh. In each e.se. the sealitg mechanism 
expend, to partially or completely occlude th. vessel in question, or ah.metivaly, to anchor an intravascular device 
to the vessel. 
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A«Mr ernbadanent usbg , mm nnjctjr. b shawn itiwnaMBy m FIB. 5. m which a f 1Mb .lo„.,e 
n»mber 20 b dbposed M.hm.« M n dtbno>tl number 24 «h « . hyp.ttb.. A M „pMing rnechanbm 28 
«rch .. a MM .truetur. b -eared to «ha dbtal and af th. dangat. nwmb* 20. MM within .„ mm. 
32 af man** 20. Th. braided structure 28 b only partially ^tap^tad by a prMaWy .Urtcrrwc mambran. 
36 that makes , seel writk th. paMfa 40. (Alternatively, a coating auch as , pctym** coMg may be 
uaad m plac of th. mambran., dbcba* hMnJ In thb and th. other ombodMnu. MM. may b. u»d to 
Meat. th. urf-ospandb, mechenbm 28 M th. membrane 36 to the ebngat. merger 20. In th. errtodMm of 
FIG. 5. the braided structure 28 M membnme 36 ar. designed to be «ymmatric,L with mora mm*, being 
conantrated at th. pMmal side of the structure 28. Th. braid, of th. .mbodMnt, dbcloaed herein may be 
««nte« mi 304 or 400. aupar-aM or Mt actuated Nitmal an ban naa. shap. memory .Bay. „ , ^ 
base, auch « polyethylen. or pofypropybne. They may be construct^ for exempte. by using standard eMrnam 
audi as . braider. 

Although the embodiment of FIB. 5 show, the f leiibl. elongate member 20 connected to a MM». tip 
44. other teehnobgb, for guiding th. device through th. patient', vessel 40 may be oM in thi, and the „her 
embodim.nt,. auch a, , guidewir. (either over the wire or Mb operator) or th. e> change catheter method. b 
w.l known in th. .rt. Abo. although not .apfcftly shown in the .mbodMnt ef FIG. 5 and th. other or.bod.Mnts 
herein, these embodiment, may inckjd. lumons. aspiration and higatjon fitting., and collar. Ek. those ibetrated b 
FIGS. U. 

The membr.™, 36 is orerar.bly imperious to the flow of blood (FIG. 8.) for those appficatbn, not requiring 
perfusion, although a perforated membrane 36- (FIG. 6b) having numerous h.les 37 therein may be used in other 
applications to allow th. passage .1 Wood. The hob, 37 ar. prrterably greater than 10 micron, in dimeter and 
may b. up to 80 micron, or more in dumeter to permit the parage of blood call, (nominally 6-10 micron, in 
di.mn.rl through the rumor.* 36' while blocking brge, partobm such „ emboli UwM. . perforated 
membra 36' may b. used in the other embody, disclosed Ml Amrrhrombeoemc coatings can be used (e*. 
heparin) to prevent thrombosis formation. 

FIG. 7 .hew, tn embodiment b which . braided structure 50 is not anciosad by a membrane. When the 
breided structure 50 compnses. lor ..ample. . dbmond mesh part ern in which adjacm wiro, ar. separate by abom 
10-80 microns, the braided structure permrta the paaag. of red blood crib, white blocking th. How of matter that 
may be und.eirabb. ,.g. embofi or other MM that may be form* or dblodged during medical procedure,. 
Thus, thi, embodiment a well suited for eppkeations far which perfusion b required. 

Alternative ,e««pandk.g media are shown in FIGS. 8 M 9. In FIGS. 8 and 9. a self-e.pand.tg fiher-kke 
m*h 60 and . M-«tpMin, , telt8a tube 7Z fay % & ^ ^ 

.Momenc. Th, fM lflr. mesh 60 (or dotted tub. 72) and membran. 62 are bondad or otherwb. securod to a 
fb.bb ebngat. member 64. e.g. to an indentation theM As with the otmr seH-espendbg medb dbdosed herein 
the fdteHk. mesh 60 lor dotted tube 72) expand, .rem its unexpended «.t. when the flexible elongate member 
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S4 « pushed ,hrough a aecond along.,. m«tb.r 66. or riMMy. when th. „ c .nd long,,. m«*.r 66 is 
rmcted over the fir,, dong*. «te 64. The mesh 60 (or slotted ate 72) then .spend, sc the, the 

n«*»ne 62 form: , sea. with ,». nmm^Q m«i 68. A g»dew.re tip 70 .id, in guiding the devrce through 
the msrf 66. The thar-ft. mesh 60 end slotted tub. 72 «. of , ,hepe nwnory materia, such „ mm 

• O04 or 400) staidm ,te.L Th. M. 60 is fibrous in nature, taring somewhat mtmm t0 „ eel wool . 
Th. dotted tub. 72 he, . mm. .pp.„,„c. The ,»o««, tub. 72 may be ecnsmrcted. for examp... by 
atadtatatg , .hm-waled tab. with a to«r bum ,. form ho*, „ th. tub. » the d»p. of polygons ,ueh ., oblong 
quadrflaterds. An unexpended, dotted tube 74 a shown m FIG. 10. 

FIG. 1 1 ihmrate, enother .mbodiment in which a cofl 80 save, „ th. sdf-expanddp mechanism. The 
e.a 80 may be integrally formed vrith . fr« donga,, member 82 or b. otharwia. specially joined ,o ft. e g by 
wddmg or br«ing th. cod to th. elongate member 82. Th. col 80 i, grounded by . rn.mbr.ne 84 that .xpands 
wrth the cofl when ft h pushed ou, pf a *cond elongate member 86. or ehemativefy. when the second elongate 
manbsr 86 i, retraced from the coil 80. Tbu,. ,he membrane form, . ,eal wfth the mounding vessd 90. The 
membrane 84 may be attached directly to th. fir« long,,. 82 , or t0 , M weJ( n f ^ ^ j$ 

in turn secred to the cofl 80 or th. fir* donga,, member 82. A gutdewr. tip 92 for guiding the device through 
th. vessel 90 may be attached to th. ,.« elongate member 82 or ,o th. member 88. if one i, u,.d. 

An embodinen, simler to mat shown in FIG. 1 1 i, *,,,„,,„, in FIG. 1Z h which th. membren. 84 is 
-cured >t th, proiimel ««J to . separate sheath 94. In this casa, m. .berth 84 and the ,«, elongate member 
82 are extended together over and through, respectively, the ,,cond elongate manber 86. Assembly may requ.re 
preloading the coil 80 through the distal end of the second eiongete matter 86. 

Another embodiment thet emptor, e self-espanding medium a ,hown in FIG. 13. in which a plurality of 
ribbon, 100 make contact with a membrane 102 while they expand to urge the membrane toward, th. wall of the 
vessel 104 wher. ft make, a ,.al. The ribbon, 100 of this embodiment are prrfaabfy secured to a fir,, elongate 
n-nter 106 at both and, of th. ribbon,, by. for example, gluing them in place. The rkbons may be 0.001-0 004" 
x 0.005-0.020- x 0J5-1.0" suips c« Nftinol. ,,a«l.„ steel, or Elgiloy™ which ,xp,„d when urged ou, ., ,h. second 
elongate member 108. A guidewire tip 1 10 may be used fo, guiding the devic. through the vessel a* is preferably 
tecured ,o the distal end of the fim elongate member 106. 

FIG. 14 itotrete, an embodiment similar to the on. in FIG. 13. in when ,ih, 120 wen a, wires form a 
eerie, ol .emidra.Ur „c, when tt»y e,p,„ d . Th. ribs 120 are surrounded by a membrane 122 that expand, wrth 
,h. rib, ,o fotm , sea. with ,he vessel 124. The number of rib, ,20 i, pretar.My a, leas, to*. The rib, ,20 ere 
pmferaily attached directly to a first along.,, member ,24 tha, « surrounded by . ,eeond elongate member 126. 
The rib, 120 tfyemselve, at. preferably mad. of . shape memory material sueft a, Nitinol er stainless steel. A 
guidewire lip 128 aid, in guiding the device through the vessel 130. 

As in th. o,h„ self-expending embodimems. the self-upending mechanism 100 (120) i, in an unexpanded 
state **en enclosed by ,he second elongate member 108 1126). and expand, when push*) 0 r putted beyond the 
second elongate member 108 (126). 
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-L Htit activat e gmbodroms 

FIGS. 12A and I2B ikmm. how itectric ,, „„,», an 0 , ottd t „ Benir|ta ^ ,„ ^ >n 

r»*er. A tost etongat. 82' (and . d BIT which adjoins it. coil 80' and member 82' being similar to thai, 
unpnmed omm «pms> b preferably nad. of to. Nmnol in ban lhap8 ^ ^ „ ^ 
matana. that expands whan «po*d to h«. As shown at FIG. 12A. low profile, tow ream**, , teetricai faej 8J 
and 83 pretarably pass «thar thmugh or Ion, th. member 86 and „. attache ( .. B .. soldw8 d, ,o 

th. f,m along*, member 82' on rther aid. of th. coil 8tT. When cerrent b appfed th. etoctrol ones 8 1 
and 83 (th. power »pply b no, abown but b prrferddy out*, th. pattontl. th. coi 80' he.,, op through r., 8 , WB 
huteig. and th. coil expand, to urg. the membrane 84 to enact th. w, B 90. Alt.natb.ly. ., shown « 
FIG. 128. th. fan longer, men*., 82' may ha„ . coatir* 85 of gold or *.„,. In thi, embody the coat* 
*np,,. mombar 82' b used to pass currant Iwhh most of th. cur™,, pr .f w>Wy B8inB urried by th , ^ fl5 
so that most of the energy b deposited in the cal 801 with me circuit beino competed with a low r«btivhy wre 
B7 that is pr.fer.My connected |,.g, ,oldw.d) t. «thr th. second elongate member 86 or th. shutf 94 Thb 
pnndpb of resistbe heating to axpand a expwaion member m be appfied t0 th , ^ ^ ^ 



as well. 



FIGS. 13A. 13B. and 13C illustrate how hot transfer using a iquid can deploy an wpanabn mm**. The 
nbbons 100' ara p,ri.rd,ly nad. of he,, activated Nhinol. an iron base shape mwnory aloy.Tr »olh.r material that 
expands when exposed ,o heal In ,be embodxrant of FIG. 13A, a w«m «&. safcnion ,07 b passed between ,he 
f*st and second elongate membrs 106 and 108 and then over the ^mb™ m , ^ h(at B Mtrj 
the nbbons 100'. As the ribbon, ,00' h„, up. the y „ ptni , tBWiby ^ th , m ^ ^ ^ 

w.» 104. A, ibmrated in RG. 138. ,h. warm ^ ^ 107 ^ , fso „, p , Med ^ fc ^ ^ 
nwmbor 106 and «h.n th^gh hole, ,09 in member 106 so that the saline solution 107 mora directly transfer, hea, 
to the nbhon, , 00'. In mis embodiment, on. or mo,, hobs 1 1 1 in ,h. memo,... ,02 Idbt.l to wfar. the sea. with 
th. vass. w.ll 104 b mad.) may be used to allow th. saline aobtion 107 to flow away beyond th. ribbons 100- 
after he., transfer to the ribbons occurs. As ibstratad in FIG. 13C. the saline solution 107 nay also b. passed 
through one or mom dosed loop coils o, tomens 1 13 wirtin the f is, elongate number 106. bl thb way. the ribbons 
100' and th. patient's blood are no, exposed directly to any sobtton. Usatg heat transfer e» „«, 0 , ippBBd t0 
th. oth., .mbodinants diatom h,,^ Br0¥jd(d ^ tipanjien (j ^ 

i- MKhanfeaHy rfn pteved mtMAwny *. 

[Ithe, non-self^pandinp saabno mechanisms that can be used fo, ocduding . vessel «e described below 
fn the .onbodanent of FIGS. 1517. . ,„„ ^ ^ m , ^ ^ ^ ^ ^ ^ fc 

complex assrnbtod, atuched to a brace member 144 tha, b « ,„n attached to a first ring member 148 
Adding the first nng m^r 148 .nd . second ring member 152 are a plurality of ribbons 156 tha, eatand 
b * tV " tn tiW * W0 m > mOTbefJ Su " 8u «'^ th. riobon, 156 b a nambran. ,60 that fonrn , s.,1 with th. 
pa««nf, *ess.l 162 wh M the ribbons „. „ POT d, 0 . T h. nambran. 160 b jomad to at to.,, on. and pmfarably 
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both of tb, ring rntol 148 end 152. The ,B0 c.n be johad to onto on. .» the ring mwnb.r, 148 

•nd 152. for sample, when the membrane 160 .n.nds far enough m the tonghodhaJ db.ctton to p«n« the 
membrane to make a good seal with the vessel 162 when the ribbons 156 are deployed. 

To assart), the device, the first and second ring members 148 and 152. th. ribbons 156. .nd the 
membrao. 160 are placed as e unit around . second elongate mente 166. whid, has . pak of oppositely facing 
betas 170 and 172. The brace mente 144 is inserted through the betas 170 end 172 and secured to both the 
pJI wee 140 and the fir,, ring member 148. Further, the ucond ring member 152 is secured to the second 
elongate member 166. This assembled configurnion. with the ribbons 156 in their bnghudmsl orientation, i, 
ftmrated in FIG. 16. As ikntrated in FI6. 17. when the puH wire 140 is retracted, th. ribbons 156 (shown in 
phantom) and the rn.mbr.ne 160 that sounds them are urged towards the vusel 1 6Z where the membrane makes 
a seal with th. ^ The ribbons 160 ere preferably rerifiem enough ,. that they return , 0 thek longitudinal 
orientation when the pun wire 140 is released. Th. elasticity and resSene. of th. pud wr. 140 also helps the 
rlteu 156 return to their undeployed configuration. A guktowke tip 171 may be used to assist in guiding the 
device to the desired location in the vessel 162. 

A Preferred way of retracting the pull wire 140 is shown to FIGS. 18A and 188. FIG. 18A shows the pull 
wire 140. which is attached to the brace member 144. A rotatabto handle 180 is attached to e locking mente 
184 which m turn is fastened to th. pul wee 140. When th. locking memb.r 184 char, the second etong.r. 
nw*r 166 within which it resides (when i, preferably outside the pattern), th. locking member end rotatabto 
handle 180 may be oriented es Qhjstrat.d k, FIG. IBB to keep th. puB wire 140 taught, thereby preventing the 
suing mechanism from returning to its undaptay.d position. The pull wee 140 mey be mode of stainless or nittooi 
and may have a diameter of 0.006-OJM8 inches, for a catheter having an 0J>. of 0JW. for example. 

An alternative to the deployment apparatus illustrated in FIGS. ISA and 18B is shown in FIG. 19. kt which 
a hand, member 190 is grasped by the clinician to retract the pul wire 140. thereby deploying the seeing 
rn.ch.nism. Once extended, the sealing mechanism preferably has the tendency to return to ha undeployed position, 
which h the process puHs the pul wir. 140 beck into the ,econd eJongat. m«nb.r 166. Tto can be prevented by 
insertino a spacer number 194 between th. hand. mwnb,r 190 and th. second .tonga,, mente 166. After the 
medical procdur. is compter., and oedusion of th. vessel to no longer required, th. spacer number 194 can b. 
removed and th. pull *k. 140 .nd the awing rn.ch.ntem returned t. their respective undeployed positions. The 
device can then be removed Irom th. cittern. 

Although the principle of using a non-self-expanding mechanism has been Ihistrated in FIGS. 1517 with 
respec, to deformabte ribbons, other non-self-expanding mechanisms, es Ikatreted in FIGS. 20A-20D. een be employed 
in conjunction whh the br.ee member 144 and the first and second ring members 148 and 152. For example, 
instead of using ribbons 1 56. a noo-seH-eipending braided structure 200 can be used, in which the brakltd structur. 
200 adjoins fust and s.eond ring members 148 end 152 and is covered with a membrane 160 ,o form th. unit 204 
shown h FIG. 20A. Th. u»< 204 con be used in conjunction with an elongate member 166. e brece member 144. 
a guilevrire tip 1 71 . a first elongate member 140 such as a pull wire, a rotatabto handle 180. and a locking member 
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184 to farm a dnk. analogous to th. ribbon-b.* d«ic. .f FIG. 15. Alum,**. ettMr ttn ta UJe)J 

for securng tt» pull wk. 140, such ., , hirtto „,,„„,„ 19 „ ,„„ , ^ JM 

Other nofviilf^iMflii mai h 

panning mechanisms such as a f itir-fti math 208. • slotted tubs 212. and cols 216 can 

be usad t. form ante 220. 230. and 240 anafagous to th. braided structure unit 204 a, ^ in F.6S. 20B 20C 
and 20D. Unit, 220. 230. «* 240 can Ik.** b, Wid t0 cenmuet daviee, anatogcu, t. tha ribb^aead device 
Crated in R6S. 15-19. Further, d unit 204 « «.„ without a membrane, it may .„* k, blood perfusion if the 
braatad struct.,. 200 is sutafj, constructed. Actively, prorated mernbrane, Ska m«nbr,„„ 36' of FIG 6B 
may b. used to p,met blood perfusion. Atthaugh th. ribbons 156. tha braid* structure 2D0. the fflrer-Bc. mesh 
208. ,h. slotted tub. 21Z end the coils 216 must be active* deploy* (a* with . pull wk, 140J. they are 
riBvarthnless sknaar to their satf-expandng counterpart t. 

It should be understood that tha * 0 p. .f the priJ8nt b „ ot b , ^ ^ fc ^ ^ 

foragom, description theraof. but rather by the appanded claim,, and certein variations and modifications of tie, 
invention wis suggest themselves to one of ordinary ski in tha art. 
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WHAT IS CLAIMFn 

1. A device Icr ocduding a vascular wgmtm, anjuising: 
an eipanston member; and 

first and mind elongate members, wherein said first elongate amber engages »> expansion member and 
said second don,.!, nwmber engages »id fr« elongate mamber. saal expense member expand^ to at least 
panbly occbde tha vascular segment when one of raid elongate members is mow, longmrdmaly. 

2- The device of Claim 1. further comprising e materiel that adjoins said expansion member for 
creating a seal with the vascular segment. 

3. The device of Claim 2. wherein said materiel does not completely encapsulate said expansion 

member. 

4. The device of Claim 1, wherein said expansion member is a fater-ft. mash attached to an 
indentation wilbin said first elongate member. 

5. The device of Clasn 1. wherein said expansion member is in en unexpended state when it is 
surrounded by said second elongate member. 

6. The device of Claim 5, wherein said expension member expands when said first elongate member 
is pushed through said second elongate member. 

7. The device of Claim 5. wherein said expansion member is self-expanding. 

B. The device of Claim 7, wherein said self -expanding member comprises a member selected from the 
group consisting of a braid, a cel. a ribbon like structure, e slotted tube, e pkirafty of ribs and a frier-lie mesh. 

9. The device o< Claim 1. wherein said second elongate member b elso secured to said expansion 

member. 

10. The device of Claim 0. wherein said expansion member ex ponds es said first elongate member b 

retracted. 

Jl. The device of Claim 9. wherein said expansion member comprises a member selected from the 
group consisting of a braid, a pkralhy of coax, a ribbon-eke structure, a etetted tube, end e titer like mesh. 

12. The device ol Cbrn 9. wherein said expension member expends as the relative position of said 
test end second elongate members changes. 

1 3. A method ol occluding a segment within a vessel comprising: 

inserting first end second elongate members into the vessel wherein the first elongate member adjoais an 
expansion member end 

varying the position of at lust one of tha elongate members so that the expansion member expands untl 
the vessri b occhided. 

14. The method of Cbrn 13. in which said varying step comprises retracting one of tha elongate 

members. 

15. The method of Claim 14. in which said retracting one of the elongate numbers causes the 
expansion member to expend. 
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16. The method of Claim 14. in which the apron member adjoins both elongate members, end the 
relet*, posroon of the eloogato members h varied to expend the eipeneion ember until the vessel ii occkjded. 

17. The method of Chen 13, in which said varying step comprises pushing one of the elongate 
members through the other elongate member. 

18. The method of Claim 13. further comprisng: 
performing e medical procedure near the ecduded sits; and 

retrievmg the elongate members and the expansion member from the vessel. 

19. A method, comprising: 

inserting an expansion member within the vessec and 

heating the expansion member to cause it to expand uml the vessel is at hast partially occluded. 

20. The method of Claim 19. in which the expansion member is comprised of s material selected from 
the group consisting of heel activated Nirinol and an iron base shape memory alloy. 

21. The method of Claim 19. in which said heating the expansion member comprises pessing electrical 
current through it. 

22. The method of Claim 19, in which said heating tha expansion member comprises flowing warm 
sohition near the expansion member to host up the expension member. 
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